Summary. The motility characteristics of washed spermatozoa from 50 normal ejaculates were measured by time-lapse photography, before and after cryopreservation. Plasma membrane integrity was assessed by the hypo-osmotic swelling test and with the supravital fluorescent dye bisbenzimide (H33258).
Introduction
Male infertility accounts for the failure of approximately 25% of involuntarily childless couples to conceive (Hull et al., 1985) . Few of these men can be successfully treated and donor insemination (DI) provides the only means for most of these couples to have children. Donor insemination is quantitatively the most important form of assisted conception and resulted in 30 000 births in the USA during 1986 and 1987 (US Congress Office of Technology Assessment, 1988) . Since 1986, it has been mandatory to use frozen semen for DI to ensure that it is free of human immuno¬ deficiency virus (HIV) . The fertility of frozen semen is significantly less than that of fresh semen (Watson, 1990) and the supply of donor semen is restricted. There is therefore considerable pressure to improve cryopreservation techniques for human spermatozoa.
There have been few attempts to compare the functional properties of human spermatozoa before and after freezing. Freezing causes extensive damage to membranes (Watson, 1990) and decreases the percentage of motile spermatozoa and their velocity (Critser et ai, 1987; Keel et ai, 1987) . However, it is unclear to what extent membrane damage is responsible for the deleterious effects of cryopreservation on motility.
Many DI donors have to be rejected because their semen fails to survive cryopreservation satisfactorily (Schroeder-Jenkins et al., 1989 Organisation, 1987) except that sperm concen¬ tration was measured in a Horwell chamber. The motile normal sperm density (MNSD) was calculated from the formula MNSD = concentration (106 ml~' ) % progressively motile % normal/10 000 (Glazener et al, 1987) . A substantial portion of the sample was mixed with an equal volume of glycerol-egg-yolk -citrate cryopreservative (GEYC), drawn into 0-25 ml straws and frozen in a Nicool LM-10 freezer with an average cooling rate of 11°C s~' between +20 and -80"C (McLaughlin et al, 1990) (Aitken, 1983) containing 3% w/v bovine serum albumin (Cohn Fraction V) and washed twice by centrifugation (300 # for 5 min) before final resuspension in the same buffer at about 20 106 spermatozoa ml-1. Samples were taken for quanti¬ tative motility measurements by time-lapse photography at 37°C (Rees et al, 1990) , and for the measurement of membrane integrity by the hypo-osmotic swelling test (Jeyendran et al, 1984) and by fluorescent staining with H33258 (Cross et al, 1986) . The remaining sperm suspension was incubated at 37°C under an atmosphere of 95% air:5% C02 in sealed tubes for 3 h, after which motility measurements were repeated.
Analysis of seminal plasma
These measurements were made in the Department of Clinical Pathology, St Michaels Hospital using routine procedures for clinical assays of blood plasma, using a Technicon RA 1000 autoanalyser. Sodium and potassium were measured with ion selective electrodes and calcium was determined spectrophotometrically after treatment with cresolphthalein. The coefficients of variation for these methods were Na
Analysis of results
The proportion of motile spermatozoa that survived freezing was calculated from the formula % survival = % progressively motile spermatozoa after freezing and thawing 100/% progressively motile spermatozoa in fresh semen. The values were taken from the subjective estimates made on spermatozoa in whole semen or semen/GEYC, in accordance with our normal practice of assessing the suitability of semen for donor insemination. Ejaculates were allocated to the good, borderline or poor group if the % motile spermatozoa to survive freezing and thawing was >60, 40-60 or <40%, respectively. The significance of the effects was analysed by two-or three-way analysis of variance using the SAS Statistics Package (SAS Institute Inc. Cary. NC27512, USA).
Results
Reproducibility of survival of spermatozoa
Although there was some variation in the ability of spermatozoa in different ejaculates from the same donor to survive freezing and thawing, the within donor variation was considerably less (with one exception), than the between donor variation and the differences between several of the donors were statistically significant (Fig. 1) . (Tables 1 and 2 ). This blurred the distinction between groups. The percentage of morphologically normal spermatozoa did not change after washing in either fresh or frozen spermatozoa (Tables 1 and 2 ).
The percentage of spermatozoa with intact plasma membranes was significantly less after cryopreservation, but there were no differences between the survival groups before or after cryo¬ preservation ( Table 2 ). The results of the hypo-osmotic swelling test and the H33258 exclusion test were highly correlated (r = 0-80) but there was no correlation between the percentages of intact and motile spermatozoa after cryopreservation (r = 007) or between the sizes of the changes in the two parameters during cryopreservation (r = 008). The percentage of motile spermatozoa was less when measured photographically than when assessed subjectively (Tables 2 and 3) (P < 0-05). No significant differences between groups could be detected with fresh spermatozoa or with frozen spermatozoa after incubation for 3 h (Table 3) . There was no correlation between the decline in the proportion of progressively motile spermatozoa and the decline in the average velocity of the remaining population (r = -006). The velocities of the fresh spermatozoa had a nearly normal distribution with the mode between 60 and 70 µ s~' as shown in Fig. 2 (note that the ordinate in Fig. 2 is nonlinear) . After cryopreservation, the distribution was skewed towards lower velocities with a mode between 20 and 30 µ s-1, although a small population of fast swimming spermatozoa remained (Fig. 2) . Lateral head displacement was not affected by freezing, incubation time or survival group (Table 3) .
The concentrations of ions in seminal plasma were similar, irrespective of the survival of spermatozoa from the same ejaculate after cryopreservation (Table 4) .
Discussion
The results obtained (Fig. 1) confirm that there is a wide variation among individuals in the capacity of their spermatozoa to survive freezing, but that survival is comparatively consistent between different ejaculates from the same individual. It is therefore probable that the ability of semen from an individual to withstand cryopreservation depends on some consistent property of the spermatozoa or seminal plasma. Once the cause of poor freezing is known, it might be possible to modify cryopreservation procedures to overcome it and so increase the proportion of potential semen donors who could be accepted.
Cell damage during freezing is usually ascribed to membrane rupture caused by the formation of intracellular ice crystals during rapid cooling, or by osmotic effects, or mechanical force from extracellular ice during slow cooling (see Mazur, 1984 ). Here we measured membrane integrity by two independent methods: the hypo-osmotic swelling test, which relies on the swelling of the tail to demonstrate membrane integrity, and the exclusion of H33258 where the nuclei of spermatozoa Watson, 1990) , may be involved. Cryopreservation decreased the average velocity of the progressively motile spermatozoa by about 40%. This is similar to the decrease of about 30% reported by Keel et ai (1987) , who measured motility at room temperature. The decline in velocity was significantly greater in the poor than in the borderline or good survival groups but there was no correlation between the decline in the percentage of progressively motile spermatozoa and the decrease in their average velocity. This suggests that the slowing and the rendering immotile of spermatozoa during cryopreservation do not necessarily share a common mechanism. The observations cannot be accounted for by a consis¬ tent slowing of every spermatozoon during cryopreservation, so that those spermatozoa that were swimming slowly beforehand become immotile afterwards. The simplest possible explanation is that loss of motility could result either from membrane damage or from excessive slowing and that the proportion due to each factor varied between ejaculates, so that neither factor correlated with the decline in the percentage of progressive spermatozoa. However, it is more likely that other damage processes are involved.
The concentration of spermatozoa that could swim at > 50 µ s " ' declined from 23 106ml_1 before cryopreservation to 1-6 106 ml-1 afterwards (calculation based on photographically measured motility characteristics and sperm concentration in whole semen or semen/GEYC mixture). Sperm velocity has been shown to be related to the fertility of cryo¬ preserved ejaculates used for DI (Irvine & Aitken, 1986; Holt et ai, 1989) or for in vitro fertilization (Holte/ ai, 1985; Hinting et ai, 1988; Bongso et ai, 1989) or in natural intercourse (Vantman et ai, 1989) . Such a large decline in the concentration of vigorously motile spermatozoa is probably a major factor contributing to the decreased fertility of frozen compared with fresh spermatozoa.
None of the characteristics of fresh semen investigated in these experiments could predict its ability to survive cryopreservation. Although the concentration of major cations in seminal plasma was not correlated with freeze survival, this is a complex fluid and it remains unclear if the ability to survive cryopreservation is determined by properties of the seminal plasma, the spermatozoa or both.
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